INTRODUCTION
============

Metabolic syndrome is used since Reaven proposed the term which is called 'x syndrome' in 1988. Five risk factors for diagnosing metabolic syndrome include conditions of increased fat around waist, high insulin blood sugar, increased blood pressure, and abnormal cholesterol or triglyceride levels ([@b15-jer-16-2-183]). More than 3 risk factors are considered as metabolic syndrome while 1 or 2 factors are considered as metabolic risk group ([@b6-jer-16-2-183]; [@b10-jer-16-2-183]).

According to the National Health Screening Statistical Yearbook published by [@b12-jer-16-2-183], 26% of health examinee were found to be metabolic syndrome patients. The population of the patient is increasing every year ([@b9-jer-16-2-183]; [@b10-jer-16-2-183]): 22.1% in 2014, 24.0% in 2015, 25.0% in 2016 ([@b10-jer-16-2-183], [@b11-jer-16-2-183]). On the contrary, the population of the normal group and metabolic risk group is decreasing every year since 2014. This means that the transition rate from 0 of normal to 2 risk factors of metabolic syndrome is steadily increasing compared to the past ([@b14-jer-16-2-183]). From that reason, it is necessary to provide rapid and proper mediation and to identify the related mediation factors.

Generally, metabolic syndrome is closely related with smoking, drinking alcohol, obesity, body mass index (BMI), gender, age, stress, exercise, hypertension, chronic disease, family history, and concerns on health ([@b2-jer-16-2-183]; [@b4-jer-16-2-183]; [@b7-jer-16-2-183]; [@b8-jer-16-2-183]; [@b13-jer-16-2-183]; [@b16-jer-16-2-183]).

Therefore, the purpose of this study was to identify the factors affecting the development of metabolic syndrome by comparing the number of risk factors of the syndrome and by identifying the factors influencing the development of the syndrome.

MATERIALS AND METHODS
=====================

Participants
------------

Two hundred forty-eight health screening examinee participated for the study (101 males, 147 females). They were screened between January to May in 2019 in Chungbuk providence. All subjects were screened and individuals were removed from the test if they had no cholesterol values.

Experimental design
-------------------

### Diagnostic criteria for risk factors of metabolic syndrome

Diagnostic criteria for risk factors of metabolic syndrome are listed in [Table 1](#t1-jer-16-2-183){ref-type="table"}. The results of the risk factors were got by utilizing the results of health screening ([@b6-jer-16-2-183]; [@b10-jer-16-2-183]).

### Data collecting

In order to identify the differences among the other groups of metabolic syndrome, general characteristics include variances as follows: residential district, gender, age, current and past smoking history, number of days of weekly drinking alcohol, number of days of weekly intensive exercise, and chronic disease of family members. Total cholesterol and BMI were chosen as clinical characteristics because of their identification thru health screening questionnaire. The summary of general characteristics of variances is shown in [Table 2](#t2-jer-16-2-183){ref-type="table"}.

Statistical analysis
--------------------

Data were analyzed with PASW Statistics ver. 18.0 (SPSS Inc., Chicago, IL, USA) and statistical significance was set at *P*\<0.05. The frequency analysis was used to identify the ratio of diagnostic numbers of metabolic syndrome risk factors, and chi-square test and one-way analysis of variance were utilized for general and clinical characteristics. Two-way logistic regression was performed to identify the influential factors for the diagnostic numbers of the metabolic syndrome risk factors.

RESULTS
=======

Diagnostic criteria ratio of risk factors of metabolic syndrome
---------------------------------------------------------------

According to the results of the ratio of which 5 diagnostic criteria based on the gender, 35.1% of the subjects had abdominal obesity, 32.7% for high blood pressure, 66.1% for high insulin blood sugar, 43.1% for high triglyceride lipidemia, and 7.3% for low high-density lipoprotein (HDL) lipidemia, respectively. There was no significant difference of the incidence of metabolic syndrome between gender, while the incidence of abdominal obesity, high triglyceride lipidemia, and low HDL lipidemia were higher in women compared to their counterpart. The ratio of risk factors for the metabolic syndrome are shown in [Table 3](#t3-jer-16-2-183){ref-type="table"}.

General and clinical characteristics of diagnostic numbers of metabolic syndrome risk factors
---------------------------------------------------------------------------------------------

General and clinical characteristics were identified by separating the numbers of the risk factors into 0, 1, 2, and above 3 according to the results of the health screening. [Table 4](#t4-jer-16-2-183){ref-type="table"} shows the results.

In gender, the diagnostic numbers and ratios of risk factor for male are as follows: highest with 1 (31.7%), above 3 (28.7%), 2 (27.7%), and 0 (11.9%), respectively. On the contrary, female showed different order: highest with 2 (30.6%), above 3 (28.6%), 1 (27.9), and 0 (12.9%), respectively.

The average age was 71.3 years and the highest (73.3 years) was the group with 2 diagnostic numbers, and the lowest (66.8 years) with diagnostic number with 0. There were significant average age differences among groups (*P*\<0.05). the ratio of past smoking was the lowest (12.9%) in the group with the diagnostic number with 0. The average number of days of drinking alcohol weekly was 1.0 and number of days of weekly intensive exercise was 2.3. No significant difference was found among groups. For the family history of chronic disease, it was found that average was 17.3% and the average was the lowest (9.7%) in the group of diagnostic number with 0. The average total cholesterol was 201.8 mg/dL and the lowest (193.3 mg/dL) in the group of diagnostic number with 0. The average BMI was 24.4 kg/m^2^ and the average increased proportionally as the diagnostic numbers increase showing significant differences among groups (*P*\<0.001). Also, the group with the highest ratio (77.4%) of normal BMI (18.5%--24.9%) was the group with diagnostic number of 0. On the contrary, the group with the diagnostic numbers of above 3 was the lowest (32.4%) (*P*\<0.001).

Comparisons of influential factors based on the metabolic syndrome risk factors
-------------------------------------------------------------------------------

Among the variables the residence and past smoking duration were excluded because of limited small residence areas and limited smoking population. Continuous variables are categorized by considering the numbers of subjects and analyzed by two-way logistic regression.

Comparisons of influential factors based on the normal group with the syndrome group
------------------------------------------------------------------------------------

According to [Table 5](#t5-jer-16-2-183){ref-type="table"}, there were significant differences in two variables between normal group with no risk factor and metabolic syndrome group: age and BMI. Subjects over 70 years of age showed significantly higher incidence (9.137 times) of the syndrome compared to the subjects lower than 60 (*P*\<0.01). BMI showed also significantly higher incidence (8.732 times) in overweight group compared to the normal group (*P*\<0.001).

Comparisons of influential factors based on the one risk factor with syndrome group
-----------------------------------------------------------------------------------

[Table 6](#t6-jer-16-2-183){ref-type="table"} demonstrates that there was significant difference in BMI between the syndrome group with one risk factor and 3 risk factors. BMI was significantly higher (5.282 times) compared to their counterpart (*P*\<0.001).

Comparisons of influential factors based on the 2 risk factors with the syndrome group
--------------------------------------------------------------------------------------

According to [Table 7](#t7-jer-16-2-183){ref-type="table"}, there was significant difference in BMI between 2 risk factors and the syndrome group with more than three risk factors and the incidence was significantly higher (4.094 times) in the overweight group than their counterpart (*P*\<0.001).

DISCUSSION
==========

This study was performed to identify the differences of influential factors based on the risk factors on the development of the metabolic syndrome. Subjects were health screening examinee during January thru May in 2019 in Chungbuk district.

Different from the national health screening statistics which shows 22.8% of examinee were over 60 years old, the mean age of the subjects of the research were 71.3 years and 88.3% of the subjects were over 60 years. This is speculated that most of the subjects were residence of the rural area where the aged ratio is more than twice than that of the national aged population. The weekly number of intensive exercise was 2.3 on the average showing higher activity level that that of the national average of less than 1 in a week.

The incidence of the metabolic syndrome was 28.6% which is higher than the national screening statistics (26.9%), but lower more than about 18% than that of the 46.4% of the statistics of the same age groups. It is thought that the difference was resulted from the difference of the race and the residence area ([@b9-jer-16-2-183]).

Among the 5 diagnostic criteria for the metabolic syndrome risk factors, the ratio of abdominal obesity occupied 35.1%, high insulin blood sugar 66.1%, and triglyceride lipidemia 32.3%, respectively. On the other hand, the ratios of high blood pressure and low HDL cholesterol showed lower than the national average ([@b10-jer-16-2-183]).

Dividing the diagnostic numbers into 0, 1, 2, and more than 3, the group of 0 was the youngest while identifying that the numbers and age do not show proportional relationship. This result shows the different tendency from the results which advocate diagnostic numbers increase as the age increases ([@b4-jer-16-2-183]; [@b6-jer-16-2-183]; [@b7-jer-16-2-183]; [@b13-jer-16-2-183]).

Even the result showed desirable life style due to small ratio of smokers among subjects, BMI increased proportionally as the diagnostic number increase. According to the preceding researches ([@b1-jer-16-2-183]; [@b13-jer-16-2-183]), the ratio of normal weight group showed inverse proportion as the diagnostic numbers increase.

The results of comparisons among the groups with diagnostic numbers less than 3 and more than 3 revealed that BMI was the significant factor for the development of the metabolic syndrome regardless of the diagnostic numbers. In the group with 0 diagnostic number, age and BMI influenced the development of the metabolic syndrome ([@b3-jer-16-2-183]; [@b5-jer-16-2-183]). BMI was the only factor affecting the development of metabolic syndrome when compared groups with 1 diagnostic number and with 2 diagnostic numbers. On the contrary, there was no significant difference of influencing factor between diagnostic numbers with 1 or 2. As a result, groups with both 1 and 2 diagnostic numbers are regarded as the same groups. It would be effective to establish plans of health education in order to decrease obesity by BMI which is identified as a influential factor on the development of the metabolic syndrome.

Finally, it is meaningful that the characteristics related with metabolic syndrome of the aged in the rural area were identified. Furthermore, it is significant that the factors affecting the development of metabolic syndrome according to the diagnostic numbers of risk factors were found thus suggesting the mediating direction of the health education. However, there were limited representative characteristics of the subjects because there were restricted numbers of some variables including smokers and alcohol drinkers. Therefore, it is speculated that further studies are required to clarify the influential factors developing metabolic syndrome such as exercise, smoking, or drinking alcohol.
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###### 

Diagnostic criteria for risk factors of metabolic syndrome

  --------------------------------------------------------------------------------------------------
  Risk factors                  Diagnostic criteria                    No. of risk factors
  ----------------------------- -------------------------------------- -----------------------------
  Abdominal obesity             M: above 90 cm, F: above 85 cm         0: normal\
                                                                       1--2: risk group\
                                                                       Above 3: metabolic syndrome

  High blood pressure           Above 130/85 mmHg                      

  High insulin blood sugar      Above 100 mg/dL during empty stomach   

  High triglyceride lipidemia   Above 50 mg/dL                         

  Low density lipidemia         M: below 40 mg/dL, F: below 50 mg/dL   
  --------------------------------------------------------------------------------------------------

M, male; F, female.

###### 

Summary of general characteristics of variances

  Characteristic
  ------------------------------------------------
  Residential district
   Small
   Medium
   Large
  Gender
   Male
   Female
  Current age
  Current smoking
   Nonsmoker
   Past smoker
   Current smoker
  Smoking history
   Length of smoking (yr)
   Quantity of smoking (no. of cigarettes/1 day)
  Numbers of drinking alcohol (number/1 wk)
  Numbers of intensive exercise (number/1 wk)
  Chronic disease of family members
   No
   Yes
  Total cholesterol (mg/dL)
  Body mass index (kg/m^2^)
   Normal (18.5--24.9)
   Overweight (25.0--29.9)
   Obesity (≥30)

###### 

Ratios of risk factors for metabolic syndrome (%)

  Gender   Abdominal obesity (%)   High blood pressure (mmHg)   High insulin blood sugar (mg/dL)   High TG lipidemia (mg/dL)   Low HDL lipidemia (mg/dL)   Incidence of the syndrome (%)
  -------- ----------------------- ---------------------------- ---------------------------------- --------------------------- --------------------------- -------------------------------
  Male     28.7                    37.6                         67.3                               41.6                        5.0                         28.6
  Female   39.5                    29.3                         65.3                               44.2                        8.8                         28.7
  Total    35.1                    32.7                         66.1                               43.1                        7.3                         28.6

TG, triglyceride; HDL, high-density lipidemia.

###### 

General and clinical characteristics of metabolic syndrome according to the diagnostic numbers

  Variable                    Diagnostic numbers   *χ*^2^/*f*/*t* value                                                  
  --------------------------- -------------------- ---------------------- ---------------- ---------------- ------------ ---------------------------------------------------------
  Residence                   Small                Small                  Small            Small            Small        
                                                                                                                         
  Gender                                                                                                                 
   Male                       12 (11.9)            32 (31.7)              28 (27.7)        29 (28.7)        101 (100)    0.515
   Female                     19 (12.9)            41 (27.9)              45 (30.6)        42 (28.6)        147 (100)    
                                                                                                                         
  Age (yr)                    66.8±13.94^a^        72.6±12.06^ab^         73.3±10.09^b^    70.0±10.59^ab^   71.3±11.50   3.024[\*](#tfn4-jer-16-2-183){ref-type="table-fn"}
                                                                                                                         
  Smoking                                                                                                                
   Non                        27 (87.1)            60 (82.2)              63 (86.3)        60 (84.5)        210 (84.7)   0.637
   Past                       4 (12.9)             13 (17.8)              10 (13.7)        11 (13.7)        38 (15.3)    
   Current                    0 (0)                0 (0)                  0 (0)            0 (0)            0 (0)        
                                                                                                                         
  Past smoking                                                                                                           
   Duration (yr)              30.0±10.80^a^        42.3±11.66^a^          22.9±17.92^a^    35.5±16.95^a^    33.9±16.41   3.244[\*](#tfn4-jer-16-2-183){ref-type="table-fn"}
   Number/day                 10.0±7.07^a^         14.6±6.91^a^           24.5±18.92^a^    16.6±8.44^a^     17.3±12.18   2.023
                                                                                                                         
  No. of drinking/wk          0.7±1.21^a^          1.1±1.92^a^            0.8±1.58^a^      1.1±1.92^a^      1.0±1.75     0.708
                                                                                                                         
  No. of intensive ex/wk      1.9±2.14^a^          2.1±2.59^a^            2.4±2.89^a^      2.6±2.79^a^      2.3±2.68     0.653
                                                                                                                         
  Chronic disease, yes        3 (9.7)              12 (16.4)              11 (15.1)        17 (23.9)        43 (17.3)    3.734
                                                                                                                         
  Family history, no          28 (90.3)            61 (83.6)              62 (84.9)        54 (84.9)        205 (76.1)   
                                                                                                                         
  Total cholesterol (mg/dL)   193.3±34.07^a^       198.5±37.85^a^         208.9±46.06^a^   201.7±40.7^a^    201.8±40.9   1.334
                                                                                                                         
  Body mass index (kg/m^2^)                                                                                              
   Mean                       23.1±2.55^a^         23.5±3.75^a^           24.0±3.02^a^     26.5±2.86^b^     24.4±3.41    14.301[\*\*\*](#tfn5-jer-16-2-183){ref-type="table-fn"}
   Normal                     24 (77.4)            50 (68.4)              48 (65.7)        23 (32.4)        145 (58.4)   33.507[\*\*\*](#tfn5-jer-16-2-183){ref-type="table-fn"}
   ≥Overweight                7 (22.6)             23 (31.5)              25 (34.3)        48 (67.6)        103 (41.5)   
                                                                                                                         
  Total                       31 (100)             73 (29.4)              73 (29.4)        71 (28.6)        248 (100)    

Values are presented as number (%) or mean±standard deviation.

*P*\<0.05.

*P*\<0.001.

a \< b (Scheffe).

###### 

Comparisons of influential factors based on the normal group with the syndrome group

  Variable                    Exp (B)   95% CI          *P*-value
  --------------------------- --------- --------------- -----------
  Gender                                                
   Female                     1                         
   Male                       1.570     0.368--6.700    0.542
                                                        
  Age (yr)                                              
   \<60                       1                         
   60--69                     8.508     1.487--48.677   0.016
   ≥70                        9.137     1.751--47.685   0.009
                                                        
  Smoking cigarette                                     
   No                         1                         
   Yes                        1.162     0.241--5.599    0.852
                                                        
  Drinking alcohol                                      
   No                         1                         
   Yes                        1.504     0.343--6.584    0.588
                                                        
  Intensive exercise                                    
   No                         1                         
   Yes                        1.031     0.360--2.956    0.955
                                                        
  Family history                                        
   No                                                   
   Yes                        0.274     0.051--1.463    0.130
                                                        
  Total cholesterol (mg/dL)                             
   \<200                      1                         
   200--239                   2.562     0.773--8.487    0.124
   ≥240                       3.011     0.597--15.190   0.182
                                                        
  Body mass index (kg/m^2^)                             
   Normal                     1                         
   ≥Overweight                8.732     2.818--27.059   0.000

CI, confidence interval.

R^2^=0.379.

###### 

Comparisons of influential factors based on the 1 risk factor with the syndrome group

  Variable                    Exp (B)   95% CI          *P*-value
  --------------------------- --------- --------------- -----------
  Gender                                                
   Female                     1                         
   Male                       0.603     0.209--1.742    0.350
                                                        
  Age (yr)                                              
   \<60                       1                         
   60--69                     2.695     0.683--10.642   0.157
   ≥70                        2.039     0.524--7.937    0.304
                                                        
  Smoking cigarette                                     
   No                         1                         
   Yes                        1.101     0.376--3.222    0.861
                                                        
  Drinking alcohol                                      
   No                         1                         
   Yes                        2.518     0.809--7.835    0.111
                                                        
  Intensive exercise                                    
   No                         1                         
   Yes                        0.831     0.397--1.739    0.623
                                                        
  Family history                                        
   No                         1                         
   Yes                        0.631     0.247--1.615    0.337
                                                        
  Total cholesterol (mg/dL)                             
   \<200                      1                         
   200--239                   1.187     0.519--2.716    0.685
   ≥240                       1.045     0.380--2.874    0.932
                                                        
  Body mass index (kg/m^2^)                             
   Normal                     1                         
   ≥Overweight                5.282     2.420--11.532   0.000

CI, confidence interval.

R^2^=0.211.

###### 

Comparisons of influential factors based on the 2 risk factors with the syndrome group

  Variable                    Exp (B)   95% CI         *P*-value
  --------------------------- --------- -------------- -----------
  Gender                                               
   Female                     1                        
   Male                       0.765     0.274--2.137   0.609
                                                       
  Age (yr)                                             
   \<60                       1                        
   60--69                     2.218     0.552--8.914   0.262
   ≥70                        1.320     0.331--5.265   0.694
                                                       
  Smoking cigarette                                    
   No                         1                        
   Yes                        0.724     0.224--2.337   0.589
                                                       
  Drinking alcohol                                     
   No                         1                        
   Yes                        2.085     0.653--6.654   0.215
                                                       
  Intensive exercise                                   
   No                                                  
   Yes                        0.942     0.349--2.544   0.907
                                                       
  Family history                                       
   No                         1.294     0.460--3.643   0.625
   Yes                        0.757     0.295--1.946   0.564
                                                       
  Total cholesterol (mg/dL)                            
   \<200                      1                        
   200--239                   0.940     0.412--2.143   0.883
   ≥240                       0.757     0.282--2.035   0.581
                                                       
  Body mass index (kg/m^2^)                            
   Normal                     1                        
   ≥Overweight                4.094     1.959--8.552   0.000

CI, confidence interval.

R^2^=0.211.
